Objective: This is an epidemiological survey that was conducted for 22 years to investigate the physical effects on inhabitants who had been exposed to cadmium (Cd) from processing of remnants discharged at the time of copper refinement. It was possible to obtain findings on physical effects 27 years after Cd exposure. Materials and Methods: Of the inhabitants who were 50 years old or younger in 1981 and who were living in the most contaminated area in the Kakehashi River basin, 68 (32 males and 36 females) who underwent all of the 5 screenings during the 22-year period were extracted as subjects. Early morning urine was collected for urinalysis, and Cd and ß 2 -MG concentrations were determined. Results: 27 years after cessation of Cd exposure, it was shown that urinary Cd concentrations were significantly decreased and urinary ß 2 -MG concentrations were significantly increased. Conclusion: Once exposed to Cd, it takes about 30 years for the Cd that remains in the body to decrease by half. Once renal tubular dysfunction occurs after Cd exposure, irreversible aggravation is inevitable.
Introduction
A long-term follow-up survey was conducted to investigate the effects of Cd exposure on the health of inhabitants who had been living in a contaminated region continually in Japan with regard to the following: 1) Cd that remained in the body as determined based on changes in urinary Cd concentration [1] , and 2) renal tubular disorder [2] , a typical consequence of Cd exposure, based on changes in urinary ß 2 -microglobulin (ß 2 -MG) [3, 4] concentration.
Once exposed to Cd, about 30 years [5, 6] are required to reduce by half the Cd that remains in the body regardless of the amount of exposure. Even after a long period of time, ß 2 -MG, an index of renal tubular dysfunction caused by exposure, continues to irreversibly increase [7] [8] [9] [10] instead of decreasing. It has therefore been suggested that with larger exposure volumes, the risk of development of distressing Itai-itai disease [11] [12] [13] may increase infinitely.
The Kakehashi River basin located in Komatsu City, Ishikawa Prefecture, Japan, was contaminated with Cd waste water from the former Ogoya Cupper Mine [14] from 1882 to 1971. The inhabitants of the region were orally exposed to Cd [15] for a long time because they cultivated and consumed rice as a staple food with contaminated water used for irrigation in rice paddies. However, the Ishikawa Prefecture government conducted an health impairment investigation only afterward, in the 1970s.
The physical effects of Cd exposure include renal tubular dysfunction, osteomalacia, osteoporosis, hepatic disorder, hypertension [16] , and others. The most severe consequence is Itai-itai disease. The name of this disease * The authors declare no competing financial interests. # Corresponding author.
is Japanese, and literally means "ouch-ouch" because even small movements result in fractures due to advanced osteomalacia, making the patient cry (According to autopsy reports, 42 fractures were observed in some cases.).
The Ministry of Health and Welfare of Japan recognized Itai-itai disease as the first mining-related illness in April 1968 [17] and subsequently enacted a law to improve the polluted soil. Based on this law, in 1981 Ishikawa Prefecture improved the soil of the Kakehashi River basin district that was contaminated with Cd. Since the Ogoya Mine had already been closed by this time and its operation suspended, it was declared that Cd exposure had discontinued in this region [18] . At the same time in 1981, the prefectural government investigated health effects [19] only among inhabitants of the Kakehashi River district who were 50 years old or older at that time and also believed to be severely exposed to Cd. In the survey, findings of ß 2 -MG of 1000 µg/g·Cr [20, 21] or higher were judged abnormal. The incidence of abnormal values was 14.3% in males and 18.7% in females who lived in the polluted area, and 6% and 5%, respectively, in those who lived in non-polluted areas, clearly demonstrating a significant difference (p < 0.01) [22] between the polluted and non polluted areas. However, the inhabitants who were 50 years of age or younger and assumed to be moderately exposed to Cd were not investigated by Ishikawa Prefecture even though they lived in the same polluted Kakehashi River area. During 22 years from 1986, 5 years after the declaration on the discontinuation of exposure, up to 2008, Kido et al. who were concerned about the pollution, conducted a survey 5 times (1986, 1991, 1999, 2003 and 2008) [23, 24] to investigate health effects using only excluded inhabitants who were 50 years of age or younger at the time of the former survey. Our study summarizes these investigations.
The objectives of the studies were 1) to investigate the changes in urinary Cd and ß 2 -MG concentrations in males and females over the 22-year period to determine the excretion of these substances and 2) to determine the relationship between Cd exposure and renal tubular dysfunction on the basis of the correlation of urinary Cd with ß 2 -MG in males and females over the 22 years. The following methods were used.
Materials and Methods
Of all the inhabitants who were 50 years old or younger in 1981 and who were living in the commune, which was one of the most contaminated areas in the Kakehashi River basin, 68 (32 males and 36 females) who under-went all of the 5 screenings during the 22-year period were included as subjects. Inhabitants who neither participated at least once due to their illness or moving were excluded. Early morning urine was collected for urinalysis, and Cd and ß 2 -MG concentrations were determined. The measured Cd and ß 2 -MG concentrations were corrected with Cr. As methods of determination, RIA (Radioimmunoassay), flameless atomic absorption spectrophotometry [25] and the Jaffe method were used to determine ß 2 -MG concentration, Cd concentration, and Cr concentration, respectively. A questionnaire was also used to investigate gender, age, and duration of residence.
ß 2 -MG is a plasma protein of low molecular weight (11.800 Daltons) and is produced from immunologically competent cells, the liver, and other tissues. Almost 100% of ß 2 -MG is filtered through the glomeruli of the kidneys and 99.9% of that is reabsorbed in the renal tubules [24] [25] [26] . Accordingly, ß 2 -MG was used as an index of renal tubular dysfunction. Currently, new indexes of renal tubular dysfunction are being described. However, the newest and the most sensitive index as of 1986 was urinary ß 2 -MG [24, 25] . In a long-term follow-up epidemiology survey, it was necessary to employ the same investigation method in the same subjects for 22 years. Therefore, urinary ß 2 -MG was continuously used as an index of renal tubular dysfunction for the 22-year period.
The results were statically analyzed using analysis of covariance (ANCOVA), Bonferroni and Pearson correlation coefficient. The software used for analysis was SPSS12 OJ for Windows.
The inhabitants participated in the survey of their own free will. The survey in 2008 was granted approval by the Ethics Committee of Kanazawa University (2008, approval No. 166).
Results and Discussion
The mean ages of subjects in 2008 were 65 years and 68 years in the case of males and females, respectively. The mean years of residence were 53 years and 46 years, respectively ( Table 1) .
The scales of Figures 1-3 show concentrations converted to logarithmic values. concentrations in male and female urine specimens in 1986 and 2008, levels of significance were females p = 0.001 and males p = 0.019. The level significantly increased in both males and females. These results indicate that, once renal tubular dysfunction occurs after Cd exposure, no cure can be expected and irreversible aggravation is inevitable over time. Fortunately, however, the subject group consisted of those moderately exposed rather than severely exposed to Cd. Since the mean ß 2 -MG concentration at the time of initial screening in 1986 was 1000 µg/g·Cr or less [18] , these individuals had not suffered renal tubular dysfunction, with the exception of several individuals, even though a significant increase in the ß 2 -MG concentration was noted after 22 years (see Figure 3) . mean concentration in females was clearly higher than that in males, since Cd absorption rate depends on the metallic ion. In conditions of iron deficiency in particular, the absorption rate increases by 20 to 30% compared with normal. The higher incidence of iron deficiency anaemia observed in females [26, 27] due to menstruation, giving birth, etc. is cited as a reason why Cd concentration was higher in females than males.
In addition, the downward trend in average concentration shown in Figures 1 and 2 in 1999 is interpreted as the result of physiologically fluctuation, since all values were within normal [24] .
To adjust the effects of age or period of residence on the trend in average concentrations of urinary Cd and ß 2 -MG, analysis of covariance (ANCOVA) analysis was performed and results were shown from Tables 2-5. Table 2 shows the change of urinary Cd concentration during 22 years adjusted by age in males and females. Preliminary parallel tests showed a positive result for females and a negative result for males. Hence, the resulting Bonferroni multiple comparison in ANCOVA analysis for females showed a significant decrease during 22 years (1986 -2008) , without involvement of age. In Table 3 the change of urinary Cd concentration during 22 years was adjusted by period of residence in males and females. Preliminary parallel tests showed a positive result for both males and females. In the resulting in ANCOVA and Bonferroni multiple comparison analysis, there was a significant decrease in males and females during 22 years (1986 -2008) , without the involvement period of residence. As shown in Table 4 the change of urinary ß 2 -MG concentration during 22 years was adjusted by age and preliminary parallel tests showed a positive result in males and females. Hence, the resulting Bonferroni multiple comparison in ANCOVA analysis showed a significant decrease between 1986 to 1999 and Open Access OJNeph 
Conclusion
Our findings clearly indicate the following. Once exposed to Cd, it takes about 30 years for the Cd that remains in the body to decrease by half. Once renal tubular dysfunction occurs after Cd exposure, irreversible aggravation is inevitable. If the Cd exposure volume is larger, the renal tubular dysfunction will be more severe. Therefore, measures to prevent mining pollution are required for mining development in the 21 st century so that the tragedy caused by Cd pollution that occurred as a secondary effect of cupper mining development is never repeated. In addition, the first measures to prevent mining pollution is a process of gravel remaining emissions during the refining process. The gravel that contain contaminants is discharged, and appropriate processing of it is the first step in preventing pollution. However, we may be able to find rare metals by carefully sifting this gravel, which has been irresponsibly discharged.
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